Roof tanks are common in low and middle income countries, due to the intermittent water supply.
INTRODUCTION
Intermittent water supply is prevalent in many low and middle income countries around the globe, more out of necessity than by design. Rapid and unplanned urbanization, where the water supply infrastructure lags behind city growth, and water scarcity, are frequent reasons for intermittent water supply. To overcome the inconveniences of being without continuous tap water, consumers secure their water supply through the use of ground or roof tanks inside their homes. Inequitable water distribution, possible water contamination, wasting water, the coping costs for consumers and water providers (Lee & Schwab ) as well as meter malfunctioning (Criminisi et al. ) are some of its negative consequences. Although a transfer to a 24-hour supply by reducing water losses and/or adding new supply sources would be in principle the best solution, it may take a long time to achieve, or may require financial resources that are not available. It has been observed that even when the transfer to a 24-hour supply is achieved, many consumers prefer to keep their roof tanks (Burt & Ray ) . Although undesirable, intermittent water supply and roof tanks are likely to remain for many years to come, so appropriate design and operation methods that can minimize their negative impacts need to be developed.
Hydraulic and water quality distribution network models can be useful tools in developing such methods (Coelho et al. ; Cabrera-Bejar & Tzatchkov ) . Such models originated from developed countries however, where water service is continuous and water demand is satisfied all the time. This is very different from the intermittent supply networks, where the amount of water each user is able to collect depends on the available pressure and the duration of the service, and user demand is not always fully satisfied The experiments on this model were not intended to replicate the filling and emptying process that take place in a roof tank in a home. Water flow through real roof tanks is never steady. In intermittent supply, roof tanks are normally filled up when the piped water supply is on, and they then drain as households use the water from the tanks, before refilling. There are many forms of intermittency: some intermittent systems may provide water for most hours every day, while others may provide only a few hours once per week (in which cases the tanks would be nearly empty most of the time or even may be emptied).
All these situations can be readily modelled by a water distribution network analysis software, such as Epanet 
where 
RESULTS AND DISCUSSION
The tracer tests were carried out for five combinations of Table 1 along with the results. N ¼ 1 was obtained for all tests. For N ¼ 1, as obtained from the tracer tests, Equation (1) simplifies to:
Equation (2), which expresses the residence time distribution for a CFSTR with stagnation zone and bypassing, was first obtained by Cholette & Cloutier () using material balance principles. It can be also deduced from probability considerations as shown by Tzatchkov et al.
(). For M ¼ 1, as obtained from the tracer tests for a small volume of water in the tank, it further reduces to:
Given the results of the tracer test obtained in this study (N ¼ 1, M > 0 for larger water volumes, and 1-n ≈ 2.50%),
Equations (2) and (3) are recommended for modelling the For single short time water uses, as in the cases of the flush toilet and common tap, the maximum flow without a tank was much higher than the flow before the tank. This result shows that, when water is used while a supply is being delivered by the distribution system, the instantaneous flow rate withdrawn from the water distribution network pipes by home water-using fixtures is lower in systems with roof tanks, i.e. roof tanks dampen instantaneous water demand.
This effect is less pronounced for longer time water uses, such as for the shower (Figure 8 ), because the flow before the tank has more time to react to the sudden demand pulse. The flow rate during the filling of the roof tank, which depends on the duration of delivery and the volume of the tank, is much higher, however.
Based on the Epanet model of a small network supplying 28 homes from an elevated storage tank (Figure 2 ) in three scenarios, it was found that the instantaneous water demand and the pipe flow behave differently in the 
